With ~7000 species in ~220 genera, the Dolichopodidae is one of the most speciose families of Diptera. Though the family as such is well defined, knowledge on the internal phylogenetic relationships is generally poor and although authors of successive monographs and catalogues indifferently listed most genera in specific subfamilies, their decisions were rarely based on sound phylogenetic analyses and never on molecular data. In a first attempt to unravel the phylogeny of Dolichopodidae, a combined COI + 12S rDNA dataset (1199 characters) of 119 samples of 101 European species was used in Bayesian (BAY), neighbour joining (NJ) and weighted/unweighted maximum parsimony analyses (MP). At the subfamily level, our study supports the monophyly of Dolichopodinae, Sympycninae, and Hydrophorinae (including Machaerium Haliday, 1832). multispecies genera formed monophyletic assemblages in all analyses and relationships among Argyra Macquart, 1834 species were supported in most analyses. At the subgeneric level, seven of the nine stable species-groups in Dolichopus as established during previous research were supported in most analyses. The validity of the recent transfer of Hercostomus chrysozygos Wiedemann, 1817 to Poecilobothrus was clearly supported in all analyses. Within Argyra and Rhaphium, interspecific relationships reflected previously used subgeneric classifications (Lasiargyra Mik, 1878, Leucostola Loew, 1857 and Argyra s.s. in Argyra; Porphyrops Meigen, 1824, Rhaphium s.s. and Xiphandrium Loew, 1857 in Rhaphium). Further, subclades within Medetera corresponded to species-groups defined by other authors featuring a different morphology and ecology. Anepsiomyia flaviventris (Meigen, 1824) most probably does not belong to Sympycninae but its current position within Peloropeodinae could not be confirmed.
Introduction
With ~7000 described species in ~220 genera, long-legged flies (Dolichopodidae) are among the most speciose families of Diptera. As mentioned by Robinson (1970) , in such a megadiverse taxon a stable structure based on natural groups and phylogenetic relationships is essential to understand its evolution. Surprisingly enough, thus far very few attempts have been made in this respect, although several authors have tried to classify genera into distinct subfamilies, mostly in the frame of catalogues. Lioy (1863 Lioy ( -1864 , whose approach was largely ignored by subsequent authors, recognised only two entities within the long-legged flies, Famiglia (= family) Hydrophoriti and Famiglia (= family) Medeteriti. Schiner (1864) , Kertész (1909) and Lundbeck (1912) classified the European species into four subfamilies (Diaphorinae, Dolichopodinae, Hydrophorinae and Rhaphiinae) but Aldrich (1905) was the first to introduce a more natural structure for the Nearctic species of this family with 12 subfamilies, unfortunately without providing hard evidence for his decisions. And although more recent authors (Becker 1917 (Becker -1918 (Becker , 1922a (Becker , 1922b (Becker , 1923 Robinson 1970; Ulrich 1981; Negrobov 1986 ) at least tried to base their assignment of genera to particular subfamilies on a comparative study of morphological characters, only Robinson (1970) actually listed the multiple features that characterised each of the Achalcus Loew, 1857 and Australachalcus Pollet, 2005 placed in Achalcinae (Grootaert and Meuffels 1997) instead of Xanthochlorinae, and Systenus Loew, 1857 placed in Medeterinae (Bickel 1986) , which rendered Systeninae invalid.
In contrast to this relatively stable and widely used higher dolichopodid classification, intergeneric relationships seem much less certain and phylogenetic relationships between congeneric species are largely unknown (see also Bernasconi et al. 2007) . In this respect, it has been noticed that certain genera primarily in Dolichopodinae and Hydrophorinae retain their systematic position in the successive treatments, whereas others are frequently transferred between different subfamilies. As morphological characters and their states have been used as the only data source in the past to unravel the phylogeny in this family, incorrect data interpretation (e.g. wrong polarisation of characters, homoplasies) undoubtedly contributed to the current uncertainty. The introduction of molecular datawhich do not need any polarisation and are thus 'neutral' in this respect -is therefore considered very promising. This new data source not only encompasses much more information than morphology can ever provide, but at the same time it might also prove important to investigate the phylogenetic relevance of morphological features. Better integration of the molecular and the morphological approaches could therefore provide a keystone for the inference of correct phylogeny and taxonomy of this family.
In the present study, we investigated the phylogeny of a selected set of Dolichopodidae on the basis of two mitochondrial gene sequences, the cytochrome oxidase subunit I (COI) gene and the 12S rDNA gene. COI has been used to resolve phylogenetic relationships at many taxonomic levels, is informative across a broad range of insect taxa and its use as a standard for insect phylogenetics has strongly been advocated (Caterino et al. 2000) . In particular, the terminal region of this gene is very variable in arthropods (Lunt et al. 1996; Cognato and Sperling 2000; Martinez-Navarro et al. 2005 ) and therefore seems a valuable genetic marker to investigate phylogenies of entities of low taxonomic ranks such as closely-related species, genera and subfamilies (e.g. Bernasconi et al. 2000a Bernasconi et al. , 2000b Bernasconi et al. , 2001 . Interestingly, a portion of ~650 nucleotides of the COI gene has been chosen in the DNA barcodes approach used for species identification (Hebert et al. 2003a (Hebert et al. , 2003b . The 12S rDNA gene has already provided useful resolution in phylogenies and species identification (e.g. Beati and Keirans 2001; Bernasconi et al. 2002) . In the present study, we contrasted the phylogenetic hypotheses obtained with mtDNA gene sequences against the traditional systematic positions of the species.
Material and methods Samples
In total, 119 samples (specimens) of 101 species of Dolichopodidae (see Appendix) were included in the present study, representing 12.8% of the European dolichopodid fauna (see Pollet 2004a) , and nine of the 15 recognised subfamilies (only two of the lacking subfamilies, Achalcinae and Xanthochlorinae, have European species). The examined species belong to 20 of a total of 59 European Dolichopodid genera that account for 79.2% of the European species. Among the five dominant European genera, Dolichopus Latreille, 1796 (28 spp.) and Rhaphium Meigen, 1803 (10 spp.) are best represented in our dataset with over 20% of the European species. The relatively low number of species of Hercostomus Loew, 1857 (five spp., 7.7%), Medetera Fischer von Waldheim, 1819 (seven spp., 6.9%) and Sciapus Zeller, 1842 (two spp., 4.8%) is a result of the fact that most species are rather rare in western Europe. It should be mentioned that the most recent taxonomic changes proposed by Brooks (2005) , including the synonymy of Nodicornis Rondani, 1843 with Sybistroma Meigen, 1824, and the transfer of Hercostomus chrysozygos (Wiedemann, 1817) to Poecilobothrus Mik, 1878, were adopted here. Scathophaga stercoraria (Linnaeus, 1758) served as outgroup taxon (see below). All the Dolichopodidae samples were exclusively gathered in western Europe (Austria, Belgium, France; see Appendix for exact locations) and conserved in 100% ethanol at 4°C.
Outgroup selection
Scathophaga stercoraria was used as outgroup in the phylogenetic analyses despite the phylogenetic distance between the family Scathophagidae (Cyclorrapha: Calyptratae) and the Dolichopodidae. Representatives of Empidoidea (beyond Dolichopodidae) or Asiloidea might have been more appropriate, but unfortunately, data on the combined COI + 12S sequences were not yet available. Nevertheless, we believe that the choice of S. stercoraria as outgroup can be justified by the fact that previous analyses performed without S. stercoraria confirm that the topologies of the trees do not seem to be negatively affected by the presence of a distantly related outgroup taxon and seem therefore not to suffer from phenomena such as long branch attraction (Felsenstein 1978) caused by S. stercoraria. We preferred the latter species to other Brachycera (thus far, complete mitochondrial genomes have been sequenced for 11 species within this dipteran suborder) such as Drosophila yakuba Burla, 1954 since we did not detect any indels in the COI gene between Dolichopodidae species and S. stercoraria. Moreover, the alignment of the 12S rDNA genes was conducted relatively easily with S. stercoraria as outgroup (with only a few indels and uncertain alignment positions also present when other brachyceran species were used for outgroup comparison). Therefore, the use of an even remotely related taxon for outgroup comparison was in this case preferred to other possible strategies, including midpoint rooting or the generation of unrooted trees (both options were effectively tested and yielded less satisfactory results).
DNA extraction, amplification and sequencing

DNA extraction
DNA was extracted from fly specimens using a Dneasy Tissue kit (Qiagen AG, Basel, Switzerland) carefully following the manufacturer's instructions. Entire specimens were first mechanically triturated in a microtube using a TissueLyser (Mixer Mill MM 300, Qiagen AG, Basel, Switzerland). After digestion with Proteinase K (20 µg/mL), samples were applied to the columns for absorption and to wash DNA. Finally, the DNA was eluted in 200 µL of the buffer from the kit and stored at 4°C.
PCRs
Standard PCR reactions were performed with 2 µL of the extracted DNA as template, 0.5 µM of each primer, 1 Unit Taq Polymerase (HotStarTaq Master Mix Kit, Qiagen AG, Basel, Switzerland) in a total volume of 50 µL (manufacturer's buffer). For both the COI and 12S rDNA genes, the reaction mixtures were subjected to 15 min DNA denaturation at 94°C, 35 cycles of denaturation at 94°C for 1 min, annealing at 48-54°C for 1 min, and elongation at 72°C for 2 min. The elongation was completed by a further 7 min step at 72°C. The PCR reactions were performed in a DNA Thermal Cycler (Perkin-Elmer Applied Biosystems, Rotkreuz, Switzerland). The amplification and sequencing primers (Microsynth GmbH, Balgach, Switzerland) are listed in Table 1 and unless mentioned otherwise, are the same or modified versions of those published in Simon et al. (1994) , Lunt et al. (1996) , and Zhang and Hewitt (1997) .
DNA sequencing
Templates for direct sequencing were prepared by a simple purification step of PCR products using the QIAquick PCR Purification Kit (QIAGEN AG, Basel, Switzerland) following the manufacturer's instructions. Cycle sequencing reactions were performed in total volumes of 15 µL using an ABI Prism Big Dye Terminator Cycle Sequencing Kit (Perkin-Elmer Applied Biosystems, Rotkreuz, Switzerland), purified by using DyeEx 2.0 Spin Kit (Qiagen AG, Basel, Switzerland), on an ABI Prism 3100-Avant Genetic Analyser (Perkin-Elmer Applied Biosystems), again following the manufacturer's instructions.
DNA sequence analyses
The mitochondrial sequences (COI and 12S rDNA) were handled and stored with the Lasergene program Editseq (DNAstar Inc., Madison, WI USA). Alignment of both gene sequences was performed using Megalign (DNAstar Inc.), and also manually for the 12S rDNA sequences. ForCon (Raes and Van de Peer, 1999) , a software tool for the conversion of sequence alignments, was further applied. The partition-homogeneity test (Farris et al., 1994) implemented in PAUP*4.0b10 (Swofford 2002 ) was used to test whether the two datasets could be combined (COI v. 12S rDNA) . Phylogenetic reconstruction was carried out using neighbour-joining (NJ), maximum parsimony (MP), and Bayesian analysis (BAY). A maximum likelihood analysis (ML) was not considered here owing to the unreasonably high computational time required. The best evolutionary model of nucleotide substitution that fits the data was obtained by using both the hierarchical likelihood ratio test and the Akaike Information Criterion as implemented in Modeltest 3.5 (Posada and Crandall 1998) .
For the combined dataset (COI+12S) the best fitting model proved to be GTR+I+G (GTR: General time reversible model, I: proportion of invariable sites, G: γ correction). The likelihood estimated substitution rates were R (A-C) = 0.2639, R (A-G) = 10.2013, R (A-T) = 0.8217, R (C-G) = 0.6837, R (C-T) = 7.9292, and R (G-T) = 1.0000. The base frequencies were estimated at 0.3896 (A), 0.1260 (C), 0.0411 (G), and 0.4434 (T), and the proportion of invariable sites (I) at 0.4161. The rate of heterogeneity among variable sites was estimated to follow a gamma distribution with the shape parameter α = 0.4374.
Wherever possible, the parameters derived from the selected model of nucleotide substitution were applied to the NJ analysis. The BAY analysis was allowed to use a mixed model (i.e. a model in which all genes have their unique GTR+I+G model) and the Markov chain Monte Carlo search was run with four chains (one cold and three heated) for 1 000 000 generations, with trees being sampled every 100 generations. To determine the 'burn-in', log-likelihood plots were examined for stationarity (where plotted values reach an asymptote). Stationarity was clearly reached already after less than 100 000 generations and we discarded therefore the first 1000 trees as 'burn-in'. A higher 'burn-in' did not alter the tree topology. Bayesian posterior probabilities were given by the percentage of runs that produced each branch and were calculated from the Molecular systematics of Dolichopodidae Table 1 . Amplification and sequencing primers used Nomenclature of the primers follows the standard given by Simon et al. (1994) and also adopted by Zhang and Hewitt (1997) 9001 remaining trees. BAY analyses were performed using MrBayes 3 (Ronquist and Huelsenbeck 2003) . Unweighted and weighted MP (using the heuristic search with stepwise addition option, TBR (tree bisection reconnection) branch swapping, and 100 additional replicates), and NJ were performed using PAUP*4.0b10.
MP analysis was performed using several cost matrices that define different weighting regimes for state transformations. Transitions were downweighted by assigning higher weights to transversions (2, 4, 6, 8 and 10) . The 3rd position of the COI encoding gene was downweighted by applying the same higher weights (from 2 to 11) to the first and second positions, and to the sequences for the 12S rDNA gene. Additional weighting schemes were: 1:1:1:1 (unweighted MP), 1:1:0:1 (i.e. complete exclusion of the COI 3rd codon position, see Swofford et al. 1996) , 2:3:1:3, and 2:3:1:2, for the first-, second-and third-codon position of COI, and the 12S gene respectively. Analyses were also carried out by reweighting characters according to the rescaled consistency index (RC) (Farris 1989) , the consistency index (CI) (Kluge and Farris 1969) , or the retention index (RI) (Farris 1989 ). All analyses were performed with gaps coded as missing data.
The reliability of internal branches was assessed by bootstrapping with 1000 pseudo-replicates (MP, NJ), whereas Bayesian posterior probabilities were given by the percentage of runs that produced each branch. Bremer support and partitioned Bremer support values (PBS; Baker and DeSalle 1997) were calculated on selected MP tree(s) using the program TreeRot.v2 (Sorenson 1999) .
MEGA (Molecular Evolutionary Genetics Analysis version 2.1; Kumar et al. 2001 ) was used to calculate statistical values such as the Transition/Transversion (Ts/Tv) ratio at the three codon positions of COI and the entire 12S fragment sequenced here, and to perform some preliminary phylogenetic tests using both NJ and MP tree reconstruction methods. DAMBE (Data Analysis in Molecular Biology and Evolution; Xia and Xie 2001) was applied to test for possible data saturation in the three codon positions of COI and in the 12S rDNA gene.
The sequences of the two mitochondrial genes for the 119 Dolichopodidae specimens analysed here have been deposited in GenBank (see Appendix).
Results
Data characteristics and phylogenetic analyses
The partition homogeneity test indicated that the COI and 12S gene partitions were not significantly mutually incongruent (P = 0.07) which justified the combination of both datasets. The full dataset comprises 1199 characters (COI: 810; 12S: 389) and subsequent analyses detected 616 variable sites and 513 parsimony informative sites. Gaps were treated as 'missing'. In all Dolichopodidae included in this study, the stop codon for the COI gene was a 'TAA' sequence; a deletion of three nucleotides before the stop codon was recorded only in Diaphorus nigricans Meigen, 1824. The calculated Ts/Tv ratios were 3.7 for the COI first codon position, 0.4 for the COI second codon position, 0.8 for the COI third codon position, with an average value of 1.0 for the entire COI gene, and 0.8 for the 12S rDNA gene.
Nucleotide saturation was analysed by plotting the number of transitions and transversions on each codon position of the COI and the entire 12S gene sequences against the Tamura & Nei (TN93; Tamura and Nei 1993) genetic distance using DAMBE. Saturation was evident only for the COI 3rd codon position (plots not shown). Consequently the MP analysis was performed by using several cost matrices that define different weighting regimes for state transformations. Below we present and compare the phylogenetic relationships among Dolichopodidae species derived from four different analyses:
(1) a MP tree obtained excluding the 3rd COI codon position ( Fig. 1) , (2) a Bayesian (Fig. 2) and (3) NJ tree ( Fig. 4) , both obtained including all the COI codon positions and 12S, and (4) a MP tree ( Fig. 3 ) obtained with the COI 3rd codon position downweighted four times. The four phylogenetic trees presented here should be regarded as summary of the tree topologies generated by the several analyses performed and should be interpreted as possible working hypotheses for the phylogeny of the Dolichopodidae derived from our data.
As already mentioned, since a clear saturation of the 3rd codon position in COI was observed, especially among distantly related taxa, a MP analysis was performed by completely excluding this position from the analyses. This analysis resulted in 12238 trees of the same length (trees length = 2022; CI = 0.257; RI = 0.720; RC = 0.185; homoplasy index = 0.743) and consequently various nodes in the MP strict consensus tree proved unresolved or with insufficient bootstrap support ( Fig. 1 ). However, this approach (i.e. the exclusion of the COI 3rd codon position from the analyses) shows some limitations with our data where the COI 3rd codon positions often contain numerous phylogenetic information which might need to be integrated in the analyses. In fact, 71.8% (259/361) of the variable sites and 75.5% (252/334) of the parsimony informative sites in COI were located specifically in the 3rd codon position. The importance of the mutation at this codon position was especially evident at the intrageneric level and, therefore, the relationships at this level were particularly penalised, whereas mutations at the 3rd codon position proved more frequent and informative. For instance, in the speciose genus Dolichopus, 85.7% (216/252) of the variable sites and 84.5% (185/219) of the parsimony informative sites were found in the 3rd codon position. Therefore, excluding this codon position from the analysis may result in a dramatic decrease of the phylogenetic signal (see also Källersjö et al. 1999 ). On the other hand, despite these limitations concerning the low-level phylogeny, this kind of data manipulation and analysis may be very useful to clarify whether relationships at a higher taxonomic level, as recorded in other phylogenetic analyses, are the result of homoplasy or truly reliable, regardless of the saturation level of the COI 3rd codon position.
The result of the MP analysis performed with the COI 3rd codon position downweighted four times is presented in Fig. 3 (one tree, length = 12261; CI = 0.209; RI = 0.659; RC = 0.138; homoplasy index = 0.791). Considering the current knowledge of the systematic positions of the taxa as background information, this weighting regime seems to decrease the homoplastic effect caused by the saturation at the 3rd COI codon position without too strongly affecting the relationships among closely related taxa in a negative way. Interestingly, the tree obtained by applying this weighting regime confirms (using molecular data) several phylogenetic relationships, which were previously hypothesised either on the basis of morphology only or in an approach combining morphological and DNA data (see further). Partitioned Bremer support values (see Table 2 ) indicate that the overall contribution is slightly higher for the COI data partition (~55%) and that in some cases, the two data partitions may conflict in node support. This is particularly evident for some nodes (68, 94, and 99) where the data partitions significantly conflict (PBS values ≤-20; see Lambkin 2004) . Other less significant disagreements between the two genes (but with a PBS values >-20) are observed in nodes 33, 38, 39, 56, 82, 88, and 108 . The disagreement at node 52 between the two samples of Poecilobothrus nobilitatus Linnaeus, 1767 might be explained as follows: both P. nobilitatus samples have identical 12S sequences and are clearly different from P. chrysozygos. Most differences between the two species (P. nobilitatus, P. chrysozygos), however, are a result of insertions/deletions. In the sequence alignment and the subsequent phylogenetic analyses, gaps were treated as 'missing'. This generated an overestimated similarity between the two species (and the three samples) at the 12S sequence level and the subsequent conflict between the 12S and the COI data partition. The BAY (Fig. 2) and NJ analyses ( Fig. 4) including all COI codon positions and 12S also yielded poorly resolved consensus trees at the deepest nodes, but, in general, agreed with the two previous MP analyses confirming several of the phylogenetic hypotheses (see further). Table 3 presents an overview of the most relevant results from the phylogenetic analyses on the combined COI + 12S dataset: MP (without COI 3rd codon position), BAY, NJ, and MP (COI 3rd codon position 4× downweighted) (Figs 1-4 ). Relationships as established in these analyses are compared to the currently widely accepted systematic position of the taxa (Robinson 1970; Pollet et al. 2004) .
Contrasting molecular results with traditional systematics
Of all subfamilies with multiple genera examined, the monophyly of only Dolichopodinae and Sympycninae was suggested in all analyses, however, not always with strong statistical support (Figs 1-4, Tables 2-3 ). The Hydrophorus Fallén, 1823 + Liancalus Loew, 1857 clade in Hydrophorinae proved to be consistent as well, but only in the BAY analysis was Machaerium Haliday, 1832 included (with strong statistical support) as part of it. In sharp contrast, the subfamily Diaphorinae did not form a stable clade in any of the four trees, despite the sufficient number of specimens (n = 19) and species (n = 17) and the observation that two multispecies genera, Chrysotus Meigen, 1824 and Argyra Macquart, 1834, made stable but distinctly separated clades. Surprisingly, the only Diaphorus Meigen, 1824 species included (D. nigricans) did not show any relationship with Chrysotus and its phylogenetic position remained unresolved. The latter holds true for Anepsiomyia flaviventris (Meigen, 1824) (Peloropeodinae) and Neurigona quadrifasciata (Fabricius, 1781) (Neurigoninae) as well. Monophyletic multispecies clades were also observed in Medetera, Rhaphium, and Sciapus that represented Medeterinae, Rhaphiinae, and Sciapodinae, respectively.
At the generic level, the monophyly of the following 10 out of 14 multispecies genera was suggested in all analyses, however, with variable statistical support: Dolichopus (28 sp.), Rhaphium (10 sp.), Chrysotus (eight sp.), Gymnopternus Loew, 1857 (seven sp.), Medetera (seven sp.), Campsicnemus Haliday, 1851 (six sp.), Teuchophorus Loew, 1857 (three sp.), Poecilobothrus (two sp.), Sciapus (two sp.), and Syntormon Loew, 1857 (four sp.). Concerning Rhaphium (node 108, see Fig. 3 and Table 2 ) and Syntormon (node 58), a conflict was apparent between the two data partitions (COI v. 12S) supporting these clades. On the other hand, members of Argyra (eight sp.) formed a monophyletic group (with variable statistical support) in three analyses (Figs 1-3 ) but in the NJ analysis A. vestita was positioned separately in the large polychotomy (Fig. 4) . Finally, both Sybistroma species (Nodicornis with N. nodicornis Meigen, 1824 was only recently synonymised with Sybistroma by Brooks (2005)) clustered together with Hercostomus fulvicaudis (Walker, 1851), H. nanus (Macquart, 1827) , and H. parvilamellatus (Macquart, 1827) in three analyses (with good support only in BAY analysis, see Fig. 2) , and with the two latter species in one analysis. Hercostomus as a genus proved polyphyletic in all analyses.
At the subgeneric level, seven of the nine stable speciesgroups in Dolichopus as established on the basis of COI + Cyt-b by Bernasconi et al. (2007) were reconfirmed in the present study as strongly supported clades in three or mostly all analyses (Table 3) . Conflicts between the two data partitions (Fig. 3 , Table 2 ) were observed only in the D. brevipennis Meigen, 1824 -D. claviger Stannius, 1831 -D. ungulatus (Linnaeus, 1758 clade and in the D. lepidus Staeger, 1842 -D. tanythrix Loew, 1869 clade. Of the two lacking Dolichopus species-groups, D. linearis Meigen, 1824 and D. longicornis Stannius, 1831 never clustered together in the present analyses, whereas D. genicupallidus Becker, 1889 of the second species-group was not included here. Even the D. pennatus Meigen, 1824 -D. subpennatus Assis Fonseca, 1976 -D. signatus Meigen, 1824 clade that was supported only in a MP analysis based on morphological data, and a BAY analysis based on combined molecular-morphological data (Bernasconi et al. 2007) appeared in two of the present analyses (Figs 2-3) , though with variable statistical support. Moreover, two multispecies clades of six (D. brevipennis -D. ungulatus -D. claviger -D. trivialis Haliday, 1832 -D. festivus Haliday, 1832 -D. cilifemoratus Macquart, 1827 and seven species respectively (D. tanythrix -D. lepidus -D. atripes Meigen, 1824 -D. campestris Meigen, 1824 -D. latilimbatus Macquart, 1827 -D. nubilus Meigen, 1824 -D. excisus Loew, 1859 ) that were previously related to two single morphological characters-a dorsal bristle on the mid metatarsus and entirely or partly darkened femora respectively (Bernasconi et al. 2007 )-appeared in the MP analysis with downweighted COI 3rd stop codon (Fig. 3) . However, contrasting partitioned Bremer support values between the COI and the 12S gene were observed for both nodes (Table 2) though the first of both species-groups was strongly supported by a posterior probability value of 1.00 in the BAY analysis.
In all four analyses, Poecilobothrus chrysozygos (recently transferred from Hercostomus) formed a strongly supported clade with Poecilobothrus. Within Argyra (A. vestita (Wiedemann, 1817) outside the Argyra clade in the NJ analysis) and Rhaphium, interspecific relationships even reflected subgeneric classifications (see Table 3 ) that are currently no longer considered valid. Likewise in the Medetera clade, species were separated in two groups that correspond to distinct species- 
Discussion
At present, reliable knowledge on the phylogeny of Dolichopodidae is largely lacking and the number of papers that include sound phylogenetic analyses, based either on morphological, molecular data or both, is extremely limited. Interest in this aspect of this fascinating family grew only very recently (e.g. Masunaga 1999; Zhang and Yang 2005; Brooks 2005; Bernasconi et al. 2007 ). Since Lioy (1863 Lioy ( -1984 , every dolichopodid worker undoubtedly aimed at assigning a natural and reliable systematic position to each (new) species, but few based their decisions on comparative research or even phylogenetic analyses. And even in those rare, latter cases, polarisation of morphological characters appears not unequivocal and might change or adjust over time, owing to newly acquired knowledge and insights. This explains why certain (species or) genera have been placed in several different (genera or) sub-Molecular systematics of Dolichopodidae Table 3 . Summary of clades and their statistical support in 4 phylogenetic analyses Bootstrap support for clades in Figs 1 and 4 ; posterior probabilities for clades in Fig. 2 ; bootstrap support/Bremer support for clades in Fig. 3 . MP, maximum parsimony; BAY, Bayesian analysis; NJ, neighbour joining Clades [node numbers in Fig. 3 ] MP BAY NJ MP (-3rd COI) (unw.) (unw.) (3rd COI downw.) ( Fig. 1) ( Fig. 2 families, but does not provide a clear explanation for the observed variation in systematic stability among genera. Without exception, the genera Dolichopus, Hercostomus, Poecilobothrus, and Sybistroma have always been placed in the subfamily Dolichopodinae. Since this also holds true for a much larger number of genera (Brooks 2005) , this renders this subfamily a rather stable entity (in general well supported in all analyses, but rather weak in the NJ tree, see Table 3 ). However, its internal organisation remains subject to frequent changes. The introduction of molecular data is therefore most welcome to support or question existing hypotheses. And several of them seem, indeed, usually strongly supported in the present analyses, such as the monophyly of Dolichopus, Gymnopternus, and Poecilobothrus as proposed by Pollet (2004b) and Brooks (2005) based mainly on non-genitalic and genitalic morphological characters respectively, and even two recent taxonomic changes, the transfer of Hercostomus chrysozygos to Poecilobothrus (Brooks 2005) and the synonymy of Nodicornis with Sybistroma, were confirmed (though weakly in the latter case). Moreover, within Dolichopus and despite the use of partly different phylogenetic markers (COI; Cyt-b; morphological characters), seven stable species-groups (see Table 3 , except for D. pennatus -D. subpennatus -D. signatus) as well as two larger clades of six and seven species (see above) established by Bernasconi et al. (2007) were also found in the present study. Many of these groups could be related to synapomorphies and other morphological features (even femoral colour) which seem to have a strong phylogenetic footprint.
On the other hand, some of our present results also contradict previous research. The presence of the Dolichopus speciesgroup D. pennatus -D. subpennatus -D. signatus in two of the analyses (see Table 3 ) was quite surprising as it was only generated in a purely morphological and a combined DNA + morphological tree by Bernasconi et al. (2007) . The relationship between Dolichopus and Gymnopternus of the Dolichopus genus-group sensu Brooks (2005) was not supported in any of our analyses, in some cases owing to insufficient resolution (Figs 2 and 4) . In the MP analysis performed excluding the COI 3rd codon position (Fig. 1) , Dolichopus and Gymnopternus clustered together, however, with the inclusion of two Hercostomus species and with a bootstrap support value below 50%. The MP analysis with downweighted COI 3rd codon position (Fig. 3) produced a well supported Dolichopus (node 34) and strongly supported Gymnopternus clade (node 49), together with a statistically unsupported group (node 39) comprising all but two species of Hercostomus and Sybistroma. Neither our study nor Brooks' (2005) actually revealed an unequivocal phylogenetic relationship between the Dolichopus genus-group (Dolichopus + Gymnopternus + Ethiromyia) and the Ortochile genus-group sensu Brooks (2005) , composed of Hercostomus, Poecilobothrus and Sybistroma.
The widely acknowledged concept that Hercostomus has been used as a 'waste basket' genus for all Dolichopodinae that do not match any of the better defined genera seems to be confirmed here. Some of its species do belong and should be assigned to other dolichopodine genera. In this respect, the validity of the recent transfer of Hercostomus chrysozygos to Poecilobothrus by Brooks (2005) was clearly supported in all four analyses. Hercostomus is primarily an Old World genus and only adding more species and more data (both molecular and morphological) might shed more light on its composition.
Concerning the subfamily Diaphorinae, surprisingly, the three genera Argyra (eight species), Chrysotus (eight species), and Diaphorus (one species) did not cluster together in any analyses. In two analyses (Figs 2 and 4) , the relationships between these three genera remained unresolved, while in the other two (Figs 1 and 3) (Robinson 1970) to Chrysotus . The separate position of D. nigricans therefore remains enigmatic. Adding more Diaphorus species might resolve this situation, although most European species seem quite rare and hard to obtain as fresh material, whereas in, for example, the Neotropics and Australia, a fair to high diversity of species is easily obtained.
The strongly supported clades within Chrysotus include an ecological component. All species of the Chrysotus speciesgroup, C. blepharosceles Kowarz, 1874 -C. gramineus Fallén, 1823 -C. femoratus Zetterstedt, 1843 -C. neglectus (Wiedemann, 1817 , are common and often found, sometimes together, in rather dry habitats. Apart from the heathland-inhabiting C. femoratus, the other species can be termed eurytopic as they are found in all kinds of open, shortgrazed habitats. The remaining species comprise more hygrophilous elements and even a riparian species (C. suavis Loew, 1857) .
Argyra has been placed in Diaphorinae by all previous authors except for Ulrich (1981) who transferred it to Rhaphiinae on the basis of a shared 'Gesamthabitus' (general appearance) and a pronounced sexual dimorphism. Our analyses did not provide any evidence for either concept (see separate position of Diaphorus), but appeared to support (see Table 3 ) pre-existing subgeneric structures, in both Argyra and Rhaphium. Argyra vestita has previously been assigned to Leucostola Loew, 1857 on the basis of a bare antennal scape, whereas A. diaphana (Fabricius, 1775) belonged to the subgenus Lasiargyra Mik, 1878 owing to its pubescent scutellum. We consider it therefore very likely that A. elongata (Zetterstedt, 1843) , the only European species with a preapical bristle on the hind femur and a wide face in both sexes, will also occupy a separate position in this genus even on a purely molecular basis, and despite the fact that this species is at present not included in a separate subgenus. Parent (1938) and previous authors treated Rhaphium as three separate genera: Rhaphium Meigen, 1803 with R. longicorne (Fallén, 1823), a peat moor species unlike most of its congeners, Xiphandrium Loew, 1857 comprising species featuring an erect bristle on the hind coxa, and Porphyrops Meigen, 1824 with species lacking this coxal bristle. Apart from R. micans, all species previously belonging to Porphyrops form the core clade of Rhaphium (node 104 in Fig. 3 ; see also Table 3) , while species previously belonging to Xiphandrium build a more loosely structured group, and R. longicorne consistently forms the outer branch of the Rhaphium clade. Despite the fact that R. micans (Meigen, 1824) has always been classified as Porphyrops in the past, its position within the Xiphandrium lineage in all four analyses here seems also morphologically supported by the presence of an erect bristle on its hind coxa, though amid dense pubescence.
Of the five hydrophorine species included here (see Appendix), only Machaerium has previously been placed in other subfamilies. This is not so surprising as, unlike many Hydrophorinae, this species shows a considerably elongate 1st flagellomere, bulbous at the base and abruptly narrowed to a long slender projection. Some Aphrosylus Haliday, 1851 species, such as A. celtiber Haliday, 1855 and A. mitis Verrall, 1912 , feature a similar, though much less elongate antennal structure, but entirely lack the brilliantly green body colour of Machaerium. As a result of the acute shape of its 1st flagellomere and the apical arista, M. maritimae Halliday, 1832 was assigned to Rhaphiinae by Lundbeck (1912 ), Becker (1917 -1918 and Parent (1938) . After Negrobov (1979) suggested that Machaerium might belong to Hydrophorinae (but ultimately retained it in Rhaphiinae and forgot to list the genus in his phylogenetic paper and the Palaearctic catalogue (Negrobov 1986 (Negrobov , 1991 ) Ulrich (1981) finally transferred it to this subfamily on the basis of several morphological resemblances with other Hydrophorinae (shape of antenna and frons, large palpus, anterodorsal serration of bristles on hind femur) as well as biological and ecological similarities (thalassohalophilous species of saltmarshes; formation of cocoon). In our analyses, Machaerium clustered together with the other Hydrophorinae in two analyses (Figs 1-2) , however, with variable statistical support; its position remained unresolved in the NJ analysis (Fig. 4) . In the MP tree with COI 3rd codon position 4× downweighted (Fig. 3) , Machaerium clustered together with Diaphorus, however, without bootstrap support and with a significant conflict between the gene partitions (Table 2) . This clearly unnatural relationship disappears completely in a MP tree that is three steps longer than the most parsimonious tree presented in Fig. 3 . In this slightly less parsimonous tree (length = 12 264; CI = 0.209; RI = 0.659; RC = 0.138; homoplasy index = 0.791) Machaerium formed a clade with the other Hydrophorinae, however, with a bootstrap value below 50 (tree not included here).
The Medeterinae clade, with only species of the type genus Medetera, is strongly supported in all analyses. Apart from Lundbeck (1912) who placed this genus in his broadly defined Hydrophorinae, Medetera and Thrypticus Gerstäcker, 1864 have always formed the foundation of Medeterinae since Becker (1917 Becker ( -1918 . On the basis of the morphology of the male hypopygial appendages, Medetera impigra Collin, 1941 and M. jugalis Collin, 1941 clearly belong to the M. apicalis (Zetterstedt, 1843) species-group sensu Bickel (1985) . The remaining species, including four species with 4-5 subequal sized dorsocentral bristles and M. diadema (Linnaeus, 1767) with a reduced number of dorsocentrals, can be assigned to the M. diadema-M. veles Loew, 1861 species-group sensu Bickel (1985) . According to Bickel (1985) , the latter species-group is characterised by five synapomorphies and six other morphological features. Further, many representatives of this speciesgroup show a massive proboscis, also present in species formerly placed in Oligochaetus Mik, 1878 (now synonymised with Medetera), but not found in most other species. Also, ecologically this M. diadema-M. veles lineage, considered the most derived in the genus (Bickel 1985) , differs from its congeners as its species are not confined to tree trunks but can be encountered in sometimes high abundances on other vertical constructions (walls, fences) and even represent a dominant faunal element within dolichopodid communities in dry, short-grazed coastal dune habitats (Pollet and Grootaert 1996) . Most (other) Medetera species, like M. jugalis and M. impigra, are considered truly arboreal with larvae that feed on all stages of bark beetles (e.g. Nuorteva 1956; Wermelinger 2002) . In our analyses, the two Medetera species-groups sensu Bickel mentioned above were moderately to strongly supported in all trees.
Campsicnemus, Sympycnus Loew, 1857 and Teuchophorus share the same systematic history. After being considered Hydrophorinae by Lundbeck (1912) , they were placed in Campsicneminae by Becker (1917 Becker ( -1918 Becker ( , 1922a Becker ( , 1922b and Parent (1938) and Sympycninae (a replacement name for Campsicneminae) by all later authors, from Foote et al. (1965) until Pollet et al. (2004) . In contrast to these genera, and largely owing to the particular shape of its 1st flagellomere (acute, often elongate with a subapical to apical arista), Syntormon was either placed in Rhaphiinae (Lundbeck 1912; Becker 1917 Becker -1918 Becker , 1922a Becker , 1922b Parent 1938; Foote et al. 1965; Dyte 1975; Dyte and Smith 1980; Negrobov 1979; Bickel and Dyte 1989) or Sympycninae (Robinson 1970; Ulrich 1981; Negrobov 1986 Negrobov , 1991 Pollet et al. 2004) . Our molecular based analyses support the placement of Syntormon in the Sympycninae.
Anepsiomyia Bezzi, 1902 is a monospecific genus in Europe and has been attributed to the widely defined Hydrophorinae of Lundbeck (1912) , Campsicneminae (Becker 1917 (Becker -1918 1922a) , Sympycninae (Ulrich 1981) and Peloropeodinae (Negrobov, 1986 (Negrobov, , 1991 . The systematic position of Anepsiomyia flaviventris remains uncertain but our results clearly suggest that Anepsiomyia does not belong to Sympycninae, taking into account the firm and consistent composition of this subfamily in all four phylogenetic analyses (Figs 1-4) .
In contrast to the support found for some pre-existing intrageneric groupings (Argyra, Rhaphium, Medetera), the composition of some subfamilies (Dolichopodinae, Sympycninae), and (in part) the intergeneric relationships within Sympycninae and within Hydrophorinae, our analyses did not clearly resolve all relationships among various genera or subfamilies. The suggested relationship between Medetera and Sciapus (variably supported in the analyses, see Figs 1-4) remains enigmatic from a morphological point of view. Nevertheless (and despite the conflict between the two data partitions in the support of some nodes), the molecular dataset retrieved from COI and 12S, eventually combined with a weighting procedure, undoubtedly provides a reliable basis for the study of, at least, intrageneric phylogeny in Dolichopodidae and, presumably, other invertebrates. reserves (all Oost-Vlaanderen, Belgium). We are also grateful to the members of the 'Phylogeny discussion group' at the Zoological Museum (Zurich, Switzerland) for commenting on a previous version of the manuscript. An anonymous referee as well as Scott Brooks (Agriculture and Agri-Food, Ottawa, Canada) and Christine Lambkin (Queensland Museum, South Brisbane, Australia) kindly provided us with interesting and relevant comments that contributed substantially to the improvement of the first versions of our manuscript.
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